Synergistic induction of DNA strand breakage caused by nitric oxide together with catecholamine: implications for neurodegenerative disease.
Oxidative damage in neuronal cells and DNA has been implicated in the pathogenesis of various neurodegenerative diseases. We have demonstrated that DNA strand breakage is induced synergistically when plasmid DNA is incubated in the presence of both an NO-releasing compound (diethylamine NONOate, spermine NONOate, sodium nitroprusside) and a catecholamine (e.g., L-DOPA, dopamine, etc.). Either an NO-releasing compound or a catecholamine alone induced much fewer strand breaks. Tyrosine and tyramine as well as O-methylated derivatives of DOPA and dopamines did not exert this synergistic effect in the presence of NO. The DNA strand breakage induced by NO plus dopamine was inhibited by carboxy-PTIO (a trapping agent of NO and possibly other radicals), superoxide dismutase, and antioxidants such as N-acetylcysteine and ascorbate but not by HO. scavengers such as dimethyl sulfoxide, ethanol, and D-mannitol. These results suggest that the free HO. is not involved; rather a new oxidant(s) formed by the reaction between NO and catecholamine could be responsible for causing the DNA strand breakage. We propose that one of the responsible compounds is peroxynitrite (ONOO-), which is a strong oxidant and nitrating agent formed by the reaction between NO and O2.-. NO has been shown to oxidize catecholamines to form quinone derivatives, which lead to the generation of O2.- by the quinone/hydroquinone redox system. O2.- then reacts rapidly with NO to form peroxynitrite. However, it is also possible that other compounds such as NOx generated from catecholamines and NO may cause DNA damage. Our results implicate a synergistic interaction of catecholamines formed in dopaminergic neurons and NO formed by microglia or astrocytes or the two compounds produced within the same neuronal cells to produce a potent oxidant(s) which could cause damage in cells and DNA, thus playing an important role in the pathogenesis of various neurodegenerative diseases.